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INTRODUCTION 

The data compiled in this report provides engineering information 
needed in making evaluations of ammunition improvements.    Represen- 
tative Caliber . 50 and 20 mm projectiles data appear in the form of 
computer generated plottings of trajectories for both air to ground and 
ground to ground roles.    Specific information covers time,   velocity 
and altitude versus range.    Projectile characteristics include muzzle 
velooty.  weight and shape with preformance interests centered on time 
of flight,   muzzle velocity and maximum range effectiveness.    Air to 
ground roles include fixed wing and helicopter launchings. 

Seven 20 mm and six Caliber . 50 projectiles variations listed in 
Table I comprised a cross section of nose shapes and weights for the 
study.    Aside from potential application to the air to ground and 
ground to ground roles these projectiles studies have accumulated 
quantities of experimental information needed for the study 

ITEM 

1 
2 
3 
« 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Table I 
Prolectile Studie« 

HEIGHT 
PROJECTILE CHAINS 

20tnm M56A3 15A0 
20mm M56A3 1950 
20mm M56A3 2100 
20mm PGU-3/B 1875 
20mm PGU-3/B 1900 
20mm PGU-3/B 2100 
20mm M53 1540 
Cal. .50 M8 662 
Cal. .50 MS 850 
Cal. .50 MB 1130 
Cal. .50 M2 662 
Cal. .50 M2 850 
Cal. .50 M2 1130 

NOSE SHAPE 

Blunt - M505 Fuze 
Blunt . M505 Fuze 
Blunt - M505 Fuze 
Secant Ogive - SAPI 
Secant Ogive - SAPI 
Secant Ogive - SAP! 
Blunt - M505 Fuze 
Tangent Ogive 
Tangent Ogive 
Tangent Ogive 
Tangent Ogive 
Tangent Ogive 
Tangent Ogive 



METHOD 

TRAJE (computer program) is a point mass trajectory program 
incorporating variation of air density with altitude by means of a sub- 
routine. Atmospheric Computer Program,  ATMS1,(1).    The basic 
TRAJE model (2) is 

dV 
m 

dt -piY) V V CD(V) - g 

m = Projectile weight, 

V  = Velocity along trajectory,  ft/sec 

p(y) = Air density as a function of height, 

A = Projectile cross section area, 

g   = Gravitational constant along trajectory 

C   (V) = Drag coefficient as a function of velocity. 

Inputs consists of projectile weight and cross sectional area, pro- 
jectile muzzle velocity and drag curve,  vehicle velocity and angle of 
ascent or descent.    Outputs include altitude,   range,  velocity, time of 
flight and drag in machine plotted form.    Output information is used to 
compare trajectories, time of flight and velocity decay of various pro- 
jectiles. 

Figure 1 contains curves (3) of drag coefficient versus mach num- 
ber for projectile items number 1,4,7, 8,  and 11.    Appendix A contains 
a listing of card types for the program data inputs,   and the units for the 
various parameters.    The program is written in Fortran IV for use on 
the IBM 360 or CDC 6500. 

-    - ■ 
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RESULTS 

A series of graphs (Appendex C) present the charted data generated 
during the course of the study for altitude,  time,  and velocity versus 
range for each of the projectiles investigated.    These graphs present 
various combinations of the same basic curves to provide comparisons 
in graphic form.    Tables II to V contain listings of these graphs.    Table 
II covers graphs 1 through 27 for 20 mm projectiles launched in the air 
to ground role at a constant aircraft velocity of 790 knots and a dive 
angle of 30    from two different altitudes,   182. 88 x 10 n.eters (6000 ft) 
and 213.36 x 10 meters (7000 ft).    The notations in the column headed 
"drag Curve" refers to the M505A3 fuze or nose shape of the M56A3 
projectile as M505 and to the nose shape of the 20 mm PGU-3/B pro- 
jectile as SAPI.    These terms also appear in the legend of the plots and 
in Table I and are used to identify the drag curve used in the calculations. 

Graphs 1 and 2 compare projectiles of two different weights having 
the SAPI nose launch at two diferent altitudes.    Graphs 3 and 4 com- 
pare projectiles having the M505 nose shape,   same weights,  but 
different muzzle velocities launched at two different altitudes.    Graphs 
5 and 6 provide the same comparison for projectiles having the SAPI 
nose shape.    Graphs 7 through 12 compare projectiles having M505 and 
SAPI nose shapes at two weights and three velocity levels launched at 
two altitudes.    Graphs 13 through 16 present a comparison of the M505 
and SAPI nose shapes at two launch altitudes by interchanging projectile 
weights.    Graphs 17 and 18 compare SAPI nose shapes at two launch 
altitudes and projectile weights and three velocities.    Graphs 19 and 20 
cover the same comparison for the M505 nose shape.    Graphs 21 and 
22 compare a projectile having the standard M56A3 weight with M505 
and SAPI projectiles having the same weights.    Graphs 23 and 24 pre- 
sent a comparison of five projectiles, SAPI and M505 projectile nose 
shapes at two different weights and the standard M56A3.    Graph 25 com- 
pares the standard M56A3 weight projectile to two heavier M505 and 
SAPI nose shape projectiles.    Graph 26 compares equal weight and vel- 
ocity M505 and SAPI projectile shapes with standard M56A3.    Graph 27 
includes the M53 API data for comparison with the M56A,    M505 and 
SAPI nose shaped and weight projectiles. 

Table III contains a listing of Graphs 28 through 76 together with 
identification of the conditions for the graph data.    These conditions 



differed from those identified in Table II by varying altitude and air- 
craft speed at lower levels and dive or descent angles.    The range 
selected relates to helicopter launchings.    Four projectiles were con- 
sidered:    standard M53,   one with M505 nose shape,  and two SAPI nose 
shaped projectiles differing in weight and velocity.    Each graph con- 
tains four sets of data,   one set for each projectile.    Table III groups 
the graphs according to aircraft velocity:   Graphs 28 through 37 are 
for 0 forward velocity while Graphs 68 through 76 are for 200 knots 
air speed with the other graphs,   38 to 67,   grouped for velocities in 
between. 

Table IV lists 24 graphs covering trajectory data for 20 mm pro- 
jectiles in the ground to ground role at elevations in the 3    to 60    range. 
Projectiles having M505 and SAPI nose shapes at two velocity levels are 
compared at one weight level together with the standard M56A1 weight 
projectile.    Graphs 77 through 89 cover one velocity level and Graphs 
90 through 100 another for the M505 and SAPI nose projectiles. 

Table V contains a listing of the graphs presenting Caliber . 50 data. 
The data involves two Caliber . 50 type nosed projectiles,  M2 and M8. 
launched at three different weights over an elevation angle range of 1 
to 60  .    Graphs 101 through 120 relate to the M2 data and Graphs 121 
through 140 to the MS data. 
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Table II. 
20MM Projectiles, Air to Ground Trejectorlee 
Aircraft Velocity 790 Knots. Dive AnRle 30* 

Gra«k 
«igtar 

»liifi.l» 

ft/W.t.r« 

tooo/itM.a 

7000/1133.t 

It 

7000 

tooo 

T«io 

6ooo 

7000 

£000 

6000 

7000 

7000 

6000 

7000 

(,!,." 

U 

\y 

it 6000 

6000 

— c""' 

a API 

SAFl 

iUl 

M50? 

«SO? 

N505 

11505 

»»PI 

SAH 

3 API 

»API 

M505 

SAPI 

SAPI 

11505 

SAPI 

«05 

M505 

SAPI 

K505 

SAPI 

SAPI 

M505 

SAPI 

M505 

M505 

SAPI 

M505 

N505 

11505 

SAPI 

SAPI 

M5Ü5 

SAPI 

SAPI 

SAPI 

SAPI 

SAPI 

SAPI 

SAPI 

SAPI 

H505 

«505 

N505 

CralM 
NunU ».loclty 

1950 I950/IM.1» 

1850 M)1»/»I».M 

19JO 2950 

1850 5016 

1950 MS0/»2».M 

1«0 ?950 

1950 2950 

19»0 JOJO 

1950 5050 

19J0 2950 

19J0 295Q 

1950 5050 

1950 2990 

1950 *»50 

1950 2950 

1950 2950 

l»J0 5090 

1950 3050 

1950 3090 

1950 5090 

2100 2850 

2100 2850 

2100 2890 

aoo 2890 

2100 2890 

19J0 2990 

19J0 J090 

2100 2890 

1950 J090 

1950 2990 

2100 2890 

1950 5090 

19J0 2990 

2100 2890 

19J0 2990 

1990 jogo 

2100 2850 

19J0 5050 

19J0 2950 

2100 2850 

19J0 3090 

mo 2950 

aoo 2850 

HJO 2990 

1950 3090 
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Table II. - continued 

r.T»ph 
■ytlt 

AlML.d. 
rt/M«t»ri 

7000 

Drat Curv» 

M505 

Ulltht 
Gnlu 

aioo 

MuuU Velocity 

K 2850 

M505 1950 3050 

M505 1950 2950 

21 7000 M505(M56) 15^0 J3W/1M1.0« 

M505 2100 2850 

SAP1 2100 2850 

22 6000 M505{Mb6) 1540 JJ50 

M505 2100 2850 

SAP I 2100 285» 

M 7000 MM 1950 2950 

M505 X950 2950 

SAP I 2100 2850 

■505 2100 2650 

M505(M>6) I9M 3J50 

24 6ooo M5Ü5CM56) IJfcO 3J50 

M5Ü5 2100 2850 

SAP I 2100 2850 

M505 1950 2950 

SAP I 1950 2950 

2J 6ooo M505(M56) l&O 3350 

M505 2100 2850 

SAP I 2100 2850 

6ooo H505 1950 3050 

SAPI 1950 3090 

2* 7000 SAPI 1950 3050 

M505 1950 5050 

SAPI 2100 285" 

M505 2100 2850 

M505CM56) 15^0 3350 

a' 6ooo M505(M56) 15^0 3350 

API 2500 2650/807.72 

SAPI 2100 2850 

M505 1875 3016 

SAPI 1875 3016 

.. 

'NOTE I:     The H'. ': Drug curve  uae  obtained  from Balliatlc  Research 

Laboratory,   Aberdeen,  Hd and SAPI drag curve was obtained  from  : mm  API 

and SAPI Design Review Hcaorandun,  Phase  I, Octobar 28,  1969, by AVCO Corporation 

Ordnance  Division. 



TABU III. 
20m PROJECTILES 

AU TO GRDUKD TRAJECTORIES 

Drag Curve 
used 

Weight 
grains 

1540 
2100 
2500 
2100 

— 

Muzzle  Velocity 
fps/rops 

M53 
SAPI 
SAPI 
M505 

3100/944.88 
2^50/746.36 
2150/655.32 
2*»50/746. 36 

Graph 
Number 

Altitude 
feet/meters 

Helicopter 
Velocity knots/fps/mpa 

Descent 
Angle 

28 200/60.96 0.0 5' 
29 1000/304.8 0.0 5° 
30 200 0.0 10» 

31 1000 0.0 10« 

32 200 0.0 15° 

33 1000 0.0 15° 

34 200 0.0 30- 

35 1000 0.0 50» 

36 200 0.0 k3' 

37 1000 0.0 ^50 

38 200 50.0/84.45/57.58 5° 
39 1000 50.0 5° 
40 200 50.0 10° 

41 1000 50.0 10° 

42 200 50.0 15° 

43 1000 50.0 15° 

44 200 50.o 50» 

45 1000 50.0 30» 

46 200 50.0 45. 

47 1000 50.0 ^5° 

48 200 100.0/168.89/115.16 5° 
49 1000 100.0 5° 
50 200 100.0 10- 

51 1000 100.0 10* 

52 200 100.0 15° 

53 1000 100.0 15° 



TABLE III. continued 

Graph 
Number 

54 

Altitude 
feet/netere 

200 

Helicopter 
Velocity knote/>^/mp« 

100.0 

Deecent ^0- 
55 1000 100.0 30* 

56 200 100.0 45* 

57 1000 100.0 45* 

58 200 150.0/253.34/172.73 5» 

59 1000 150.0 s- 

60 200 150.0 W 

61 1000 150.0 10° 

62 200 150,0 15- 

63 1000 150.0 15* 

64 200 150,0 30' 

65 1000 150.0 30° 

66 200 150,0 
• 

45° 

67 1000 150.0 45° 

68 200 2O0.0/337.79/23O.31 5° 

69 1000 200.0 5° 

70 200 200.0 10° 

71 1000 200.0 10° 

72 200 200.0 15* 

73 1000 200,0 15° 

74 200 200,0 30° 

75 1000 200.0 30° 

76 1000 200.0 45° 

10 



Graph 
Namber 

77 - 88 

89 -  100 

TABLE IV. 
20 MM PORJECTILES 

GROUND TO GROUND TRAJECTORIES» 

Drag Weight 
Curve Grains 

M505 (M56) 1540 
M505 1950 
SAPI 1950 

MSO^ (M56) 1540 
M505 1950 
SAPI 1950 

Muzzle Velocity 
fps/mps 

3350/1021.08 
2950/899.16 
2950/899.16 

3350/1021.08 
3050/929.64 
3050/929.64 

ANGLES OF ELEVATION:    3 .   6°.   9°,   12°.   15°.   ,8°.   21°.   24°,   27°. 

30°,   45°,   60° 

Graph 
Number 

101  -  120 

121  -  140 

TABLE V. 
CALIBER . 50 PROJECTILES 

GROUND TO GROUND TRAJECTORIES* 

Drag Weight 
Curve Grains 

M2 1033. 
M2 850. 
M2 662. 

M8 662. 
M8 850, 
M8 1130. 

Muzzle Velocity 
fps/mps 

2488/758.34 
2910/886.97 
2600/792.48 

2910/886.97 
2600/792.48 
2488/758.34 

ANGLES OF ELEVATION:    1°,   2°.  2.5°.   3° thru 16°.   30°.   45°,   60° 

U 



— ..   .. 

CONCLUSIONS 

This report covers a wide range of combinations of drag curve, 
projectile weight,   and muzzle velocities.    These parameters in turn 
effect the time of flight and maximum range of the performance of the 
various projectiles.    It is recommended that similar trajectories be 
generated for an air to air role as well as other ammunition. 

12 
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APPENDIX A 

TRAJE DATA INPUT AND FLOW CHART 

CARD TYPE COLUMNS FOHMAT SYMI«L IDENTIFICATTON UNITS 

I 7 F7.4 P i ussire cm  hg 

|| F7.4 1EMP temperature «T 

2 24 6A4 SHAPE ■      . . ' i le  shape 

3* 6 «■6.3 V  (I) velocity 

14 F8.5 com drag coefficient 

4 4 F7.2 DW velocity Interval 

5 7 F7.2 Yd» altitude meters 

6 10 rio.s C gravity m/.ec 

11 -   20 FI0.3 A cross sectional area ln2 

21 -   30 FIO.J XM «... grains 

31 -   40 F10.5 \NG0 angel of descent 
or ascent 

radians 

Al -   50 F10.5 VI muzzle velocity fps 

7 1   - 7 F;.4 w wind  velocity TpS 

« 1      * 6 F6.2 VPLANE 

FLOW CHART 

alicrftft  velocity fps 

HStart! rrl 
MM 
card  1-3 
If  card   3  Ec.-lOOcO 

' L^J        
IReaJ  card   '>-T\ 

~I r 

y»-a -> STOP 

Read  caM  a 
ll   cai.i   h   Kq.- 10 

-■iCalt ulaips   t ra't-c if. 

Riad in caid 3 
Read In card 8 
It   rurg  8   Ea.-lC 

-TvET"^— 

/ 

3 

Return   to   siaitJ 
 I         

♦   Note:   card type  3 is a set of cards containing the points of the drag 
curve with the last card being -10. 

14 
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APPENDIX B 

mMPIITKR PROGRAM LISTING 

7 
H 

?s 

PPOOWAM    IBAjt(|NPUTtÜUTPUltT»Hf I 
»^AL    LOT 
ni*fcNSlÜN   SH«PE(H» 
OI^ENsIONANOAcaoO) .CO(«;00l tVELÜA (?00) 
( OMMON r(?ooi. r ((»oo» tv(200».ccc?ooi t".i.x(?oo» 
COMMON   WttMltCCIMfl »VPL»N€ 
roK^ON /?(^flO) 
Ff>WMAr (6AHI 

FOHlHAr    (?0X.    I'JH   MUZZLE    VELOCITY 
FOkv'AT    (    1>1   .    ,?A7I 
fOK^AT   (?rs.?) 
fO^-Al    (^AS) 
fOt-MAT    ||N|«    lOX.    7UM   MNGO    (MILS) 

«M    (fWAINSI    ^l(fT/StCl ) 

INPUT. TAPE 3=')UTPUT.TAPE4) 

FS.O.    7M   FT/SEC      I 

?7   Fr(hHAT(    ?SM   KINO   VELOCITY    (M/S(C) 
^IMM   U'PEW .T .'VFCF)    «    .   F7.M 

<.«.   FOM-tAT(I0X.    1 iH   Y(*ETEHS)t   ^X.llH 

BlLM/fT)l«   PHES   (IN).   TEMP   (F> 

.   F?.'..    l?M   P^ESbUBE   s   fFT.*.. 

IIMCTfMSI«   13X,    7H   T(SEC).   *)X.    I 
IbX.   <.M   CU   t   «X.    11H   Z(METE»S)    > 

9H   nfNSITY    •    llX.    1JM   TEMPFkATDPE    .7 

Ptn   VMf TE^S/SEC) . 
*,^ ronMAriii« iF^o.M) 
<»^   f OhMAr (1X.10H   ALTITUDE    .I0X. 

2*i 
^   K^4AT(   «iF?0.>i» 
S^   FOwMAT(SF16.«I 
«i7   FriK lATC lOOX. if 10.41 
Sf<   ro^'^AT ( IX.feF^O.a) 
f,D   EOK^ATdlH   üE^SITY   *   ,F7.6.   8H   TEMP   ■   ,F10.<nI0M   HEIGHT   «   .F10.<») 
#)1    FORMAT    ilHl) 
hH   FOKMAT(Sf10.S) 
*<o   FO-'^ATI    1SX,    «.EIS.8) 
T-   Fr)«54AT(   UM  FUWCE    (NTS1    =.El*».6t 

2  (iVSEC) = .t 16.61 
1SH YDOT (M/SEC) «.E16.6. I6M VEL 

«1 
10? 
in-« 
In*- 
?n? 
N3 
?o<. 
ft« 
<.?« 

lonn 
1010 
ion 
101? 
ion 

F')«rfAT(l<.H    VtL(M/btLI 
F()w 1Ar(I7.<.F15.«» 
F   .K-AT    (ISES.I)) 
FO^'AT    IIMIl    ^lAl) 
FOt» 1AT (F7.?» 
Fn>.  'AT (?F?0.>-) 
7 OH ■• A T (F 6. ? ) 
FORMAT(F6.3.F4.S) 
FOK '«T Of T,"«) 
F')kMAT    (IHH   PLANE 

ICM    OF    .   F 6. •♦.    9H 

■ •  IM •  7H CO    »  .  ?ox) 

iLC   AT   AN   ANGLF   OF   OESC 

FOH^AT('.6H   INPUT 
rOf^AI   (3M) 
FOKMAT(   11H   MT   OF 
^ MWHAT ( HH  MIJ/ZLE 
► Sft 'Al (lX«6A<.) 

rOrtMAI (IX.FU.rt, 1 ^H 

VLLÜCITY   «,   F6.0.34H  FT/ 
HAÜ1ANS.) 

IS   HtL   PrtUJ   VfL    IN   FT/SEC.DKAG   COtF   KO.) 

PMOJ.F !<..«,   UM   NOSE   SHAPE.AS) 
VtL=   .   El*..7.      «H   FT/sLC   ) 

(^o««*o*««ao 
KT .   OF   PHOJECTILE    ) 

DATA    1JPJT 

F6.3«)'8.S) 
(FT.?) 

1    uPtSSOME.TE «PtWATUWE       (?E7.<») 
?   SHA^E       (6A4) 

►••••• 3 VV(J)(FT/SEC)»CC(J)(KO) 
^ UVVIINCREMENTS/VELOCITY) 
5 Yd ) (ALflTUUt) (F7.2» 
6 G(GPÄVITr-METEHS   PE«   SECONDS   SOUAWEO   .A(CWOSSSECTIONAL   APFA) 

.XM(MASS-fwAlNS).   AN60(ANGLE   0^    DESCENT     OM   ASCENT.VKMUZZLE 
7   KIND   VELOri ry      (FT.'.» 
<-   AlKCKAfT   VELuCIIr    (E6.P) 

9   Al t 1UÜE • • 

10 -10. PLACED 
NsNUMHEW OF TIME 

FOP SAME Al^CPAFT VELOCITIES CAN PUN AT VAWIOUS ALTI- 
TUDES, TO CHANGE A1PCWAFT VELOCITY PUT -10. FOLLOW 
WITH ALTITUDE AND THEN AIPCXAFT VELOCITY WILL »FTUPN 
ASKING FO*   ALTITUDE AGAIN •• 
FOH LAST AIRCPAFT VELOCITY. -10. PLACED FOR LAST 6 
INTEWVALS 
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C 01«IINt INtMt**ENlS (Sttl 
C VfLOY.UtC^MSE IN VELOCITY DUE TO O«»0/O»*G VEL IN V OIHECTION (M/SEC1 
C »Vs»WEf»r,E D£CELtw»TION (VEL) DUE TO DRAG (M/SEC» 
C*«*****«»>»*«*       »IMbl   ■    F001D 
C      ATMSI(YH«ALTITUÜE(FEET»t TEMP(RANKINEItP^ES (SLU&/rT»«2» 
C OEMSITY« SLOG/FT«»J) 
C        »■     C«OSS-SFCTION*L   »WE»   FOB   ?0«M      (EITHCrt   .SI5     0« Pl«R«R( 
C   C«CONSTANT 
C   »Nf.«   »NOLE   OF   TB»jECTOt<Y   •   YÜOT»   Y   VELOCITY   .DX«CH»NGC   IN   X   DIST»NCE 
C   K(II»X   üIST»NCt   t   »V   '   »VEH»GE   VELOCITY   |   Yd)»   Y  DISTANCE 
C   VEL»  FT/SEC t-^O 0«»G  CUPVE 
C        7     IS     wlNO   VELUCITY   tFFtCT   ON  PMOJECTU.E 
C»« TOPtBATURE   IN  F 
C#«     P»ESSUBE   C"  UF  MEMCUWY 
(.••<..     „sr   aiNQ   vFLOf ITY   IN   METERS  PER  SECOND 
C»«      IF   VFLOr.ITY(Fp,)    AND   KU   CURVE 
C»»      VV( JI»VV( JI/S.-'^O'* 

201   CC(J»«CC(.n»H./J.l<.159 
IF    INPOT   VELOCITY(M»CMl       »NO   CO   CURVE 

C*« 
C»» 
c» 
C«» 
c.« 

SPSO»SO-T ( ( ♦S-J.b/      ♦      ItMPI/SlS.ftTl'S^O.e1** 
VV(J)«VV(JI«SHSO 

201      CONflNoE 
IM»I 
ins » 

? roNii^uE 
wE*'J( IN.^nmp.TEMP 
BEAU(IN,S)SHAPE 
SPSO«SURT((^S^.b?      •      TEMP»/518.67I»3*0.294 
00   201   J«1.200 
t.EAr>(IN,2'«.)vvlJI .CC(J» 
ir(VV( Jt .Lf .-   «».1601022»» 
IF(VV(J).Gf.iOOOO.IoUTUoO 
vv(JI»VV(J>«SPSO 

20 1   CONTINUE 
22»-   «»J-l 

DV'VV(I» 
N»VV( H/10, 

n02i>J»2.N 
ov»ov-lo, 
CALL    INTEHH(CC.Cn(JI.OV,VV.K> 
v<j»«nv 

?P   CONTINUE 
v(n*vvii)< 
co4i»«ecfii 
«BlVf (I WS» 
KKK«0 
no looi  J»I..4 
VV(JI«V(J) 
CC(JI»C0(J) 

1001   CONTINUE 
BEAlX IN,I06)ÜVV 

21   CONTINUE 
WEAUdNdOS)    Ml» 
IF(Y( 1) .LF.-IO.)GOT017 
r.OTOll 

17   CON T I NUfi 
WEAO( iNdOM    r(I) 
HEAÜ(IN.2n3)     .PLANt 
IF(VPLANE.LE.-10.>GUT019 

IP   CONTINUE 
IF(KKK.GF.1)G0T02<« 

14   BEADIIN.dBIGtA.XH.ANGOtVl 
lF(G.Lt.-10.)r:ÜT02 
HEAO(IN.206)* 
l*RITC(IO,27(».P.TtHP 
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.•• 1 ft( 10. l012ISM»Ht 
M«»ITF(I0.10l.))XM 

KM   »   XM/7000, 
»non « »Nr,o  •  .noi 
«oiTLdo.m i tvi 

?«.   RCAOIIMttl II VPLANt 
?*.   CONTINDt 

hWlTt     (lÜ.ä.^-11    VPLÄNt    «    AMGO 

«1   =(Vl    ♦   VPL»^t)/3.2nOH 
c»ii (■►'Oa^cv i .vv.N. D 
KsN-I»! 
DO   J^«   J   »    1.^ 
L»I»J-1 
CO« J)»CC<LI 

3»*«   V(J»«VV(L» 
?H    Wf l nT   »   ''. 

V( 1 I    ■   ^1 
T (K    ■   0. 
X(l)«{|. 

KI«V(II/|4* 
f)Vl=UV>//l". 
low^nvi 
K«l 
C?»l ,l|>'.,'ft/l '»'»./«hv 
VDl^U. 
DV«OVV 
I01M« 
//in»o, 

09lJl«t*« I 
Bl«t*l 
KsK.IOV 
«KiK-IIW 
YH»3.?ll»V(I-ll 
If (YH.Lf .<!. »OUTOJl 
CALLF00lD< m.TEHP.HKEb.D.VlS.VELA.O» 

r.OItiJ? 
r)i.O0?37 
ri.J<?.l ns»»!' 
TfMP»TF^P   -   -S'J.bV 
C»C'',,I) 
.v,-fi . - ( j i 1)    ♦   V(I-1 > »•.'i> 
ANOlsANü 
ANO'ANO-.OOO^ 
IFIftNG.LT.-l.SlOOTO'.O 

??1    CONTINUE 
or«<'.«(i.-'(v(ii-Ai«uv)-i./(v(i»-(xi-i.i»üV))/c/(CD(n»co(i-n> 
DTs   OT   »   Z./C/lCOdi    •   CÜ(I-n)»ALOo(COS(*NGn/COS(*NG))/veAH 
Av=.S«(CO( l)«(tf(n      -      XI«0V»«»2«5IN(ANG1       ♦      COU-UMVUI      -      (X 

?I-l,iU»ÜV)««2»SlN<   MMtll 
T(1I»T(I-1 )       .   01 
VELOY«   VOT    ♦   C#AV«üT/t'. 

YOOT=   -VEIOY      -G'TIl)    ♦      V(1)»SIN(ANG0)      -      C»ÄV»Ül/2. 
AV, = ATAN(YOOT/(\MI)-XI'»OV)/COS(ANG» > 

10 

11 

IF(4HSIANG? 

MIOttI 
??4   V01=   VElDY       ♦ 
???   CONlI^Uk 

OX« ?.M (Vd» 
2C/( (cn(n»(v( 
x(n=i)x 
Y(1)IY u-n  - 

ANG) .LE. .001»APS(*NG))G0TO22* 

C»AV»0T/?. 

-(XI - I.)«OV)«COS(ANGll - IVilt - Xl«0V)«COS(ANG)>/ 
) - X1«ÜV)I ♦ (C0<I-ll*(V(n - (XI-l.»«DV>>) 

.••{••(Till ♦ T<I-1)»I»DT  - VtLOY'OI »OT'Vdl'SINiA 
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mti i 
CH*w=   C«(CD( I)»(V(II xi»o\/i   ♦   mi*ii*<viii (X1-1.)»0V>)»2.25 

g)«txP(-CrtA>*»DT) 
.      (/Ol   -   W»/CHAW»(l.-EXH(-C8*R*UT)) 

1? 

I I 
II 

1" 

40 

10*     «•   (Zi>l   • 
I*  i     *     »cOI 
zni«zo 

*N(.»(I l»AN(. 
C0(1IsC 
veLU*(1>=VELU» 
If |V(tMII«lt«ll 
Ifivd» »(.f •••ItOTOII 
IF( l.Of .200)0|)TÜll 
l ONTlNUt 
-Wl FM I   !•<•*•) 

••ircitOcMi y(ji.Ä(j).TU).v(j).cn(jitZZ<j> 
( ONT li'lUt 
nKHiKKK♦1 

neroti 
ST«1»» 
ENH 
sUH^OUTINf    FOUlU   (H.T.P.HtVK.VS.lOPT) 

DIMENSION   H-.(lV),«l(inf*-'(UI.Wl(Ill.TB(n).fB(Ul.Wrt(lll 

DlKtfMSlQN   »OI»ilJI»CI*ltO(JI 
3Sn   FOk."AT(SlH,ni<;SWSJ79«*010'.160l70i,00700-?2'5Sb'*-S2Söl20001S7fc8<'./ 

?^0H1 7n-?«.n 7S'.)'.13'.J64b0JS071b6832'*60a2? 1299761 3700^1868«?U 6^ 17./ 
3S7H('3769?3c(99H«<.727J0 7ü6238998B05197'i776bSOB7d800025l'>S28HO'.. 
<.?ftHSUrt788000l£'lHll 39^.68298188.    / 
SM.^l OH* U 89^8188218ü9<.26K06l 8815562223223861887S 7818^5?56fr 188. 
66nH589S*l33821)618Ö297b9611330*86356766'.90205762269881987291000./ 

73<.H759S1 1 I 7Mhi.22002593578727396618l'.l 
3S1   Fnt.iAT(E1.0.-3P6F2.0.SF3.0.    10PF7.0.   5PF 7. 0 . 0P3F I. U,   9PF6.0./ 

1      10PF6.0.   <.f'F6.0.0P3H.O.   9PFfc.O.    10PF7.0.    5PF 7.0.0P3F 1 .0,   9PF6.0 
10PF6.0,   ^FS.D.OPFl.U.    10PF6.0.   5PF6.0.OPF1.0.    11PF6.0.   5PF6.0 

,OPH.O.    11PF6.0.   5PF6.0.0PF1.0.    11PF6.0.    SPF6.0.0PF 1 . 0. 3P2F7. Ü . / 
8fF»,.n,3P2F6.0.7PF4.0,3P2F6.0.8PF4.0.*P2F7.0.10PF5.0. 
..►'^F 7.0.1 1P(TI.0.3PF6.0./5PF4.0.12PE5.0» 
^F6.0.7PF5.n,l2PF<..ü.3PF6.0.BPF5.0.13PF4.0.3PF7.0.9PF<..0,15PF<..0 
, ^F/.O.10PF5.0.l5PF<..O.3PF7.O.10PF5.0.16PF<..0.'»PF<..O.0PF7.0. 
6PK8.0.13HF6.0.2PEi>.U.-'.Pn.O.OP<»F1.0./6P2F6.0.-3P2F3.0.6P2F6.0. 

-<»p2F2.n) 
POHMAI    (lx,F3.2.11lrlO.O./22(lX.3E20.10/).F8.<..F10.U.F10.6.E20.8. 

? 
3 
k 
5 
6 
f 
8 
9 

^? 
1   FM.2.MO.o./U.'.lf 5.21/1 X,2F 10.6,?F10.0./I X.2K10.6.5X.2F 10.0) 

2001   F(VMAr(lX,5hALr»   .E9.<.,12H   HELOW   LIMIT) 
IFdTAPt.EU.'.lGO   TO   5 
1TAKE»'. 
WFwlNI)   I TAPE 
l^ITFdTA^E. »il 
wEolNI)   I1APE _      ,. 
HEAU    (1 TAPE, ill)    (MH(1) ,1 = 1.1 2), (Wl(I). 1*2(1). W3 (D.I-1.11). (THd), 

1 PM(I ),WH(I),I»l,lll .CONl.CON2.CON3,C0N4.CON5.C0N6.|A||lffIDvCCII 
2 ,li(I ). 1 = 1 .31 

5   C0N1INUE 
M(,P»C')N1 »H/ ( 1 .» (CONl«H/CUN2) ) 
IF(M(>P.LT.O,)   M6P = 0. 
00   1002    •««1.11 
IF (HGP-MM( t))10n3.10 0<», 1002 

loo? CONTIMUl 
IF   ( (MÜP-H.-((12I ) .(jT.O.)   (JQ   TO   1052 
M>:1? 

1003   M»H-1 
lOO*   TMsTÖ(M)«( l..»l(M)»(HOP-M8(M))) 

IF    ((M&P-90000.) .OT.O.)    GO   TO   1006 
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r,0   TO   10 70 
lOOfr   IF    ( (HGP-180000.>.(iT.0.>   GO   TO   1009 

I«? 
GO   TO   10P7 

lOOt*   I»J 
10(17 T«T'1«<A(n-ö(I)»*TAN((HGP-C(I))/Ü(n)» 
1070 |9 (»(?(-) »lOlltlOeütlOll 
1011 TFMPsl .»».l (Mj-tMGP-MBCM) J 

P»|J><(M) /TEHP»»«(?(»i> 
P=wrt(M)/TFMP»»(l,*rt2(»4) , 
GO TO 10 30 

10^0 TtMP«tXP(-ii3(M)«(HGP-Mri(H» ) ) 
P«PM(M)»ItHP 
H»WM(H>»TFMp 

1030   IF   ((HOP-rONM.GT.O.)   GO   TO   1032 
VS»CON3«sa»T(T'4) 
WCOWMIf—|>l/( (T»CONb)•!<()» 
IF(H.LT.O.)   60   TO   1050 
Pf 1ÜHN 

10^0   IF(IdPT.GT.O)    KPITE    (JOUTPTt2001)   M 
PFIUW"! 

10^?   T=0. 
p = n, 

103?   VS=0. 

RE1UWN 
FNO 
SUM>VOUTINE INTER« (it^ZtTTtTtJ) 
niMENSICNT(iöO).^(200) 
»=1 . 
IF(T(1).GT.Tl^)»As'l. 

3   IF(A»(TT-T(jn » UitlOO.113 
11?   7Z»?(J-l)»((Z(J)-Z(J-n)/(T<J>-T(J-l>))< 

PFTU«M 
113   J=J»1 

(.0   TO    « 
100   ZZ»7(J) 

PF fU»<N 
END 
SUHKOOTINFGHOUP(VWAW»VfNtK) 
OIMENsIONV(Z00l 
K = ü 
CL0SE=ABS(V(11-V8AW» 
DO^I« 1 . N 
CLÜSE=AM1N1(CL0SE.ABS(V(I)-V8AR)) 
IFICLOSE.LE.lD.IGOTOb 

«; CONT 1NUE 
f> IF(ABS(VBAP-V(I*1)».LT.CL0SE)K«K»1 

K=K»1 
PFTUHN 
END 
SUHHOUTlNF&PÜUP(VHAM.V.N.KI 
niMENSIONV(200l 
KM 
CLOSE=ABS(V(11-VMAP) 
Mftl«l«N 
CLOSEr AMiNi (CLOSEIABS(V dI-VBARII 
IFICLOSE.LE.li.)oOTOö 

K CONTINUE 
f> IF(AHS(VHAW-V( 1*1 )).LT.CLOSE )K«K»1 

KsR»l 
RFTUKN 
END 

«TT-TU-l»» 
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